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(57) ABSTRACT 

A method and well tool for using a low-viscosity slurry to 
gravel pack a completion interval. The well tool is com- 
prised of a screen and at least one alternate flowpath which 
is initially closed to flow by a valve means. Once a sand 
bridge is formed in the completion interval, the pressure of 
the pumped slurry increases which, in turn, opens the valve 
means to allow flow through the alternate flowpath. 
Preferably, a plurality of flowpaths of different lengths are 
provided, all of which include valve means which are 
adapted to open at different pressures. 

9 Claims, 1 Drawing Sheet 
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METHOD AND WELL TOOL FOR GRAVEL Well tools having alternate flowpaths such as those 

PACKING A LONG WELL INTERVAL USING described above have proved successful in completing rela- 

LOW VISCOSITY FLUIDS tively thick wellbore intervals (i.e. 100 feet or more) in a 

single operation. In such operations, the carrier fluid in the 

FIELD OF THE INVENTION 5 g raV el slurry is typically comprised of a highly-viscous gel. 

The present invention relates to gravel packing a wellbore However, it is often advantageous to use low-viscosity fluids 

and in one of its aspects relates to a method and well tool for ( e -g* water » ^ S els » or me me carrier fluid for the 

gravel packing a long interval within a wellbore using a low S ravel slurrv since such slurries are less expensive, do less 

viscosity fluid wherein a good distribution of gravel is datn ?S c «° th f Producing formation give :up the gravel more 

achieved across the entire interval. to ™f? than do mosc slurncs formcd mih morc * cis > 

and etc. 

BACKGROUND Unfortunately, however, the use of low-viscosity slurries 

In producing hydrocarbons or the like from loosely con- may present some problems when used in conjunction with 

solidated and/or fractured subterranean formations, it is not "alternate path" screens for gravel-packing long intervals of 

uncommon to produce large volumes of particulate material 15 » wellbore. This is primarily due to the low-viscosity, carrier 

(e.g.sand)alongwiththeformationfluids.AsisweUknown, fluid being premamrely "losf through the spaced outlets 

these particulates routinely cause a variety of problems and <!; e ' ^ 0r * 10 ° S > 10 , the shu ° l tU ? eS CaUSm * the f 

must be controlled in order for production to remain eco- * hunt thc ^ !ves ; to ^-out at one or more of 

........ . i . u • a r mc perforations therein, thereby blocking further flow of 

noimcal. Probably the most popular technique used for ^ th h the blockcd sh J { tobc> ^ cn this h 

controlling the production of sand from a producing forma- 20 ^ that sl ^ ^ delivered t0 all 

tion is one which is commonly known as "gravel packing. levels me inlerval &iycX packed 

In a typical gravel pack completion, a screen or the like iMwcvrnrkM 

is lowered into the wellbore and positioned adjacent the SUMMARY OF THE INVENTION 

interval of the well which is to be completed. Particulate The present invention provides a method and a well tool 

material, collectively referred to as "gravel," is then pumped 1S for gravel packing a completion interval within a wellbore 

as a slurry down a workstring and exits above the screen which provides for a good distribution of gravel across the 

through a "cross-over" or the like into the well annulus interval while using a gravel slurry having a low-viscosity 

around the screen. The liquid in the slurry is lost into the carrier fluid ' C S- water Basically, the gravel packing tool of 

formation and/or through the openings in the screen thereby ? e ? T ** nX invention is comprised of a well screen which 

resulting in the gravel being deposited or "screened out" in 30 haS at te J? T flC T ^ ^ ? CD ? ^ ^ 

4 , , * 4 i htl i • * j 4L . screen. The alternate flowpath is initially closed to flow by 

the annulus around the screen. The gravel is sized so that it ^ means M ^ v predetermined 

forms a permeable mass or pack- between the screen and fe WheQ fl ^ ^ forms V ^ ^. 

the producing formation which, in turn, allows flow of the ^ co ra pi et ion interval, the pressure on the pumped slurry 

produced fluids therethrough and into the screen whde mcrcasC s to open the valve means to thereby allow the slurry 

substantially blocking the flow of any particulate material 3S to flow through the alternate flowpath to complete the gravel 

therethrough. packing of the completion interval. 

A major problem associated with gravel packing, espe- Morc specifically, the gravel pack tool is comprised of a 

cially where thick or inclined production intervals are to be scrccn wnicrj ^ positioned adjacent the completion interval 

completed, is insuring good distribution of gravel through- by a wor kstring. Preferably, a plurality of alternate flowpaths 

out the completion interval. That is, if gravel is not distrib- 4 o (i. c . imperforated or blank shunt tubes) of different lengths 

uted over the entire completion interval, the gravel pack will are pos i t ioned along the screen. Each of the tubes is open at 

not be uniform and will have voids therein which reduces its its uppcr erjd t0 form an mlct and ^ opcn al its bottom end 

efficiency. Poor distribution of gravel across an interval is to f orm an out | ct A va j ve means , e.g. rupture disk, check 

often caused by the premature loss of liquid from the gravel valve> ctc >f ^ pos iti 0 ned at the inlet of each tube to initially 

slurry into the formation as the gravel is being placed. This 4 5 block flow therethrough. Each of the valve means is adapted 

loss of fluid can cause "sand bridges" to form in the annulus to at a different pressure so that the tubes will be 

before all of the gravel has been distributed within the opened sequentially as successive sand bridges are formed 

annulus. These bridges block further flow of the slurry m the annu i us which, in turn, cause the pressure on the 

through the well annulus thereby preventing the placement pum ped slurry to increase in the annulus. 

of sufficient gravel (a) below the bridge for top-to-bottom so By providing shunt tubes of different lengths and having 

packing operations or (b) above the bridge, for bottom-to- omy one ouUet (i e opeQ lower eod)) blank shum mbes (i e 

top packing operations. unperformed along their lengths) can be used to deliver 

Recently, well tools have been developed which provide s fo n y l0 different levels within the completion interval. By 

a good distribution of gravel throughout the desired interval aD j e l0 ^ smmt mDeS) me risk 0 f a particular 

even where sand bridges form in the annulus before all the 55 "sanding-out" at a spaced outlet along its length is 

gravel has been deposited. These tools (e.g. well screens) alleviated. Further, by initially closing each tube to flow, 

include a plurality of "alternate flowpaths" (e.g. shunts or fl ow 0 f tne low-viscosity fluid through a particular shunt 

perforated conduits) which extend along the screen and m b e only occur after a sand bridge has been formed in 

receive gravel slurry as it enters the wellbore annulus. If a me an^us an d the pressure of the slurry in the annulus has 

sand bridge forms before all of the gravel is placed, the 60 substantially increased. This results in a higher flowrate 

slurry will by-pass the sand bridge and will flow out through through the now-open shunt tube which is highly beneficial 

the shunt conduits to different levels within the annulus to m keeping the gravel suspending in the low-viscosity carrier 

thereby complete the gravel packing of the annulus above fluid as me slurry g ows through the tube, 
and/or below the bridge. For complete details of such well 

tools; see U.S. Pat. Nos. 4,945,991; 5,082,052; 5,113,935; 65 BR1EF DESCRIPTION OF THE DRAWINGS 

5,515,915; and 6,059,032; all of which are incorporated The actual construction, operation, and apparent advan- 

herein by reference. tages of the present invention will be better understood by 
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referring to the drawings which are not necessarily to scale By varying the lengths of the shunt tubes 2Sa-d t gravel 

and in which like numerals identify like parts and in which: slurry flowing through a respective shunt tube will be 

FIG. 1 is a sectional view of the apparatus of the present delivered to different levels within annulus 19 during the 

invention in an operable position within a wellbore and gravel pack operation. Where the gravel pack interval lies 

adjacent to an interval which is to gravel packed in accor- 5 within a horizontal wellbore or the like, the term "lever, as 

dance with the present invention; used herein, is intended to refer to relative lateral positions 

FIG. 2 is a cross-sectional view taken at line 2 — 2 of FIG. within the wellbore. 

1* Tool 20, as described to this point, is similar in both 

FIG. 3 is a partial sectional view of the upper end of a construction and operation to prior art, alternate path screens 

shunt tube of the apparatus of FIG. 1 illustrating one type of 10 of this typC( ^ u>s> Pat No 5413,935. i n these type of 

valve means used in the present invention; and tooISj ±c shunt tubcs are norma lly perforated along their 

FIG. 4 is a partial sectional view of the upper end of lengths to provide spaced outlets through which the slurry is 

another shunt tube of the apparatus of FIG. 1 illustrating delivered to different levels within the gravel pack interval, 

another type of valve means used in the present invention. j^csc t00 ig m typically used to distribute slurries which 

While the invention will be described in connection with 15 h avc relatively-high viscosity gels as the carrier fluid and 

its preferred embodiments, it will be understood that this have proven to be highly successful when so used, 

invention is not limited thereto. On the contrary, the inven- However, problems may arise when using these prior art 

tion is intended to cover all alternatives, modifications, and tools to distribute slurries formed with low-viscosity carrier 

equivalents which may be included within the spirit and fluids M used nerein> « low . viscosity » is mean t to cover 

scope of the invention, as defined by the appended claims. 20 fluids wnich afe comnjon j y f or m is purpose and which 

DETAILED DESCRIPTION OF THE have a viscosity of 30 centipoises or less (e.g. water, low 

INVENTION viscosity gels, etc.). Due to its low-viscosity, the carrier fluid 

n f . . * 1 1 t # i 1 . 1 n,.,, may be rapidly lost at one or more of the spaced perforations 

Referring more particularly to the drawings, FIG. 1 illus- . ' ^ ' r . . , a 

trates a lower section of a producing/injection well 10 2S "J me *^ ****** P ?? r "7™* 85 ,he fl0WS 

having a wellbore 11 which extends from the surface (not trough the mbes.Tliis rapid loss of toe low-v^osity came, 

show!) through a production/injection formation 12. As flu ' ' the ^ P™ 0 * a * rea * that one or more 

shown wellbore 11 is cased with casing 13 and cement 14 ° £ : ,he ' ub f "» u » I ?T 

which, in turn, have perforations IS therethrough to estab- * her % th ? flwd 15 be,n S ' "ffl lo c st * b i**"* 

hsb fluid communication between formation 12 and the 30 ^^^.^*^ m ^^ ,he fi r B 2.' n S U ? 8 ? 1,3 I 

inside of casing 13. While well 10 is illustrated in FIG. 1 as «* blocked by a sand bridge the blocked shun 

one having a substantial vertical, cased wellbore, it should * be f s ) ^Prevent further delivery of slurry to the different 

be recognized that the present invention can equally be used tod* ™*" a »™«* thereby resulting «> * poorly- 

in open-hole and/or underreamed completions as well as in P acked completion interval. 

inclined and/or horizontal wellbores. 35 Toal 20 of me P rcsent ">venUon is capable of providing 

Gravel pack tool 20 of the present invention is positioned S°° d distribution of gravel over a long and/or inclined 

within wellbore 11 adjacent a completion interval of forma- a ? d '° r . horizontal completion interval eveo when a low- 

tion 12 and forms annulus 19 with the casing 13. Tool 20 is v *°°f l X ? lmer ^ » t0 forn ? me 8 rave > ^ To d ° 

comprised of a screen 21 having a "cross-over" sub 22 J f- fl ° w 18 ul , ,UaU y bl °*f d each of the shunt tubes 

connected to its upper end which, to turn, is suspended from 40 a _ valve m ? aQS " wm< L h KP<*«>oned at or near the 

the surface on a tubing or work string (not shown). The term to P of each respecUve shunt tube. Valve means 31 may be 

"screen" as used throughout the present specification and an V. W e ° f valv ? wh ' ch blocks flow , wheD » a closed 

claims is meant to refer to and cover any and all types of P 0511 ™ and open at a predetermined pre^re. 

permeable structures commonly used by the industry in For example, valve 31 may tecompr^ of a d^ 31a (TIG^ 

gravel pack operations which permit flow of fluids there- 45 3) which js positioned mthin the inlet of shunt tube 256 and 

through while blocking the flow of particulates (e.g. whlch «£J ru P ture at a Predetermined pressure to open the 

commercially-available screens, slotted or perforated liners shunX tube 10 flow - 

or pipes, screened pipes, wire-wrapped base pipes, pre- Another example of a valve means 31 is check valve 316 

packed screeos and/or liners, or combinations thereof). which is positioned within the inlet of shunt tube 25a (FIG. 

Screen 21 can be of one continuous length or it may be 50 4 )' Valve ilb * comprised of a ball element 33 which is 

comprised of sections (e.g. 30-foot sections) which are normally biased to a closed position on seat 34 by spring 35 

connected together by subs and/or blanks. which, in turn, is sized to control the pressure at which the 

Alternate paths means 25 is provided along the length of valve ^ «*«>• Valve m « ans 31 are preferably made as 

tool 20, and as shown in FIGS. 1 and 2, is comprised of a separate components which, in turn, are then affixed to the 

plurality of relatively small (i.e., 1 to 1V4 inch diameter or 55 tops of the respective shunt tubes by any appropriate means, 

smaller), blank conduits, i.e. unperforated shunt tubes 2Sa-d e.g. weMs 36 (FIG. 4), threads (not shown), etc. 

of varying lengths, which are radially-spaced around the tool Preferably, each valve means 31 will be set to open at a 

20 and which extend longitudinally along the length thereof. different pressure from the others. That is, valve means 31 

These shunt rubes may be round in cross-section (e.g. 25a, on the shortest shunt tube (e.g. tube 25a in FIG. 1) will open 

25c) or take other cross-sectional shapes (e.g. substantially 60 at the lowest respecUve opening pressure, valve means 31 00 

rectangular 256, 25d, FIG. 2). Each shunt tube is open at its the next shortest tube 25c will open at a higher opening 

upper end to provide an inlet for receiving gravel slurry as pressure, and so on with valve means 31 on the longest tube 

will be explained below and is open at its lower end to 256 opening at the highest respecUve opening pressure; the 

provide an outlet therefrom. Further, shunt tubes 25a-d may reason for which will be explained below, 

be positioned on the exterior of screen 21, as shown, or they 65 In carrying out the method of the present invention, gravel 

may be positioned within the screen as shown in U.S. Pal. pack tool 20 is lowered into wellbore 11 and is positioned 

No. 5,515,915, which is incorporated herein by reference. adjacent interval 12. Packer 30 is set as will be understood 
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by those skilled in the art. All of the shunt tubes 25 will be 
closed to flow at their respective upper ends by respective 
valve means 31. A slurry (heavy arrows 40 in FIG. 1) 
comprised of a low-viscosity carrier fluid and "gravel" (e.g. 
particulates such as sand, etc.) is pumped down the 
workstring, through outlets 28 in cross-over 22, and into the 
upper end of annulus 19 which surrounds tool 20 throughout 
the completion interval 12. Again, as used herein, "low- 
viscosity" is meant to cover fluids which are commonly used 
as carrier fluids and which have a viscosity of 30 centipoises 
or less (e.g. water, low viscosity gels, etc.). 

As slurry 40 flows through annulus 19, the carrier fluid 
from the slurry is "lost" through perforations 15 into the 
formation 12 and also through screen 21. As this happens, 
the gravel separates from the slurry and accumulates within 
annulus 19 to form the desired "grave! pack" around screen 
21. However, if the carrier fluid is lost too rapidly from the 
slurry, a sand bridge(s) 26 will form within the annulus 
which blocks further flow of slurry therethrough. In the 
present invention, when this happens, pressure on the slurry 
being pumped into the top of annulus 19 will continue to 
increase until that pressure is reached which is required to 
open valve means 31 on the shortest tube 25a; i.e. disk 31a 
will rupture, check valve 316 will open, etc., depending on 
the type of valve means being used. 

The low-viscosity slurry 40 can now flow down the 
shortest shunt tube 25a to fill that portion of annulus 19 
which lies above the sand bridge 26 with gravel and which 
is in fluid communication with the outlet (i.e. lower end) of 
tube 25a. Since the shunt tubes have no perforations along 
their lengths, there is risk of the tubes sanding out, even 
through a low- viscosity carrier fluid is being used. This risk 
is further avoided by keeping the tubes closed to flow until 
a sand bridge 26 has formed in annulus 19 and the pressure 
of the slurry is increased to open valve means 31. This 
increase in pressure on the slurry will result in a much higher 
flow rate of the slurry through the respective shunt tubes 
than would have been the flow rate had the shunt tubes 
initially been open to flow. The substantially higher flow rate 
through the shunt tubes tends to keep the particulates 
suspended in the slurry while the slurry flows through the 
tubes. 

Once the portion of the annulus 19 above sand bridge 26 
is packed, the pressure of the pumped slurry 40 further 
increases as it enters the top of annulus 19 through cross- 
over 22. This further increase in pressure will now cause the 
second valve means 31 to open thereby permitting flow 
through the next shunt tube (e.g. 25c) to begin filling that 
portion of annulus 19 which lies below sand bridge 26. If a 
further sand bridge (not shown) is formed in the annulus at 
some location below sand bridge 26, then the respective 
shunts tubes (e.g. 25c, 25d) will sequentially open as the 
pressure of the slurry continues to increase as the packing of 
the different portions of the annulus is completed. 

While four shunt tubes 25 have been shown, it should be 
recognized that a lesser or greater number of shunt tubes can 
be used without departing from the present invention, 
depending on a particular situation, e.g. length of the 
completion interval 12, etc. 

What is claimed is: 

1. A method for gravel packing a completion interval 
within a wellbore using a low-viscosity slurry; said method 
comprising: 
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positioning a gravel pack tool within said wellbore adja- 
cent said completion interval, said gravel pack tool 
having a well screen and a plurality of alternate flow- 
paths of different lengths extending along said screen, 
each of said alternate flowpaths having an inlet and 
only one outlet, each said inlet initially being closed to 
flow; 

flowing a slurry comprised of a low-viscosity carrier fluid 
and gravel down into the annulus which is formed 
between said gravel pack tool and said wellbore to 
deposit said gravel around said screen; 

continuing the flow of said slurry until a sand bridge 
forms in said annulus; 

opening each said inlet of said plurality of alternate 
flowpaths in response to respective different pressures 
after said sand bridge has been formed to allow the flow 
of said slurry into respective said alternate flowpaths 
and out of said outlets of said alternate flowpaths to 
complete said gravel packing of said completion inter- 
val. 

2. The method of claim 1 wherein said carrier fluid is fluid 
having a viscosity of about 30 centipoises or less. 

3. The method of claim 2 wherein said carrier fluid is 
water. 

4. The method of claim 2 wherein said carrier fluid is a 
low- viscosity gel. 

5. The method of claim 1 wherein each of said plurality 
of alternate flowpaths is initially closed by a valve means 
mounted at said inlet of each respective said alternate 
flowpath wherein each of said valve means is adapted to 
open at a respective different pressure. 

6. A well tool for gravel packing a completion interval 
within a wellbore using a low-viscosity slurry, said well tool 
comprising: 

a well screen adapted to be connected to the lower end of 
a work string; 

a plurality of blank shunt tubes extending along said 
screen; each of said shunt tubes having an inlet and 
only one outlet, each of said shunt tubes being of a 
different length; and 

a valve means mounted at said inlet of each of said blank 
shunt tubes to initially block flow therethrough, each of 
said valve means being adapted to open at a different 
predetermined pressure to thereby sequentially open 
each of said blank shunt tubes to flow as pressure 
increases in said completion interval whereby said 
low-viscosity slurry will be delivered through said 
blank shunt tubes to different levels within said 
completion interval as each of said valve means opens 
at its respective pressure. 

7. The well tool of claim 6 wherein each of said shunt 
tubes is open at its upper end to form said inlet and is open 
at its lower end to form said only one outlet. 

8. The well tool of claim 7 wherein said valve means 
comprises: 

a disk which is adapted to rupture at a predetermined 
pressure to open a respective shunt tube to flow. 

9. The well tool of claim 7 wherein said valve means 
comprises: 

a check valve adapted to open at a predetermined pressure 
to thereby open a respective shunt tube to flow. 
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